(1) for the composition of Ce1-xRxO2-(x/2),
where b1, b2, b3 and b4 are the radii of the cation dopant, ceri um ion (0.097nm), oxygen ion (0.138nm) and the oxygen vacancy, respectively.7),15) Hong and Virkar15) proposed a value of 0.1164nm for b4. The correction factor, 0.9971, was introduced from the ratio of the lattice parameter meas ured for pure ceria (0.5411nm, JCPDS No. 34-394) to the Thermal Expansion of Rare-Earth-Doped Ceria Ceramics calculated value 0.5427nm based on the ionic radii. 
where c1, c2, c3 and c4 are the experimental constants, and T is temperature (K). As seen in Fig. 1 , the data were well fit ted by Eq. (2). Table 1 summarizes the c values in Eq. (2) and the coefficients of correlation for all the samples meas ured. The coefficients of correlation were greater than 0.9999. The c1 and c4 were negative values except for the c4 of Ce0 .8Sm0.2O1.9, and the c2 and c3 resulted in positive values. The CTE (a1) based on the sample length at room tem perature (L1) was determined by differentiating Eq. (2) with respect to T (Eq. (3)).
(3) Figure  2 shows the ƒ¿1 of CeO2, Ce0 ,8Yb0.2O1. The thermal expansion of the cation-0 bond was assumed to be expressed by Eq. (2). That is, ro value is given by Eq. (6), r0=(1+c1)r1 (6) where r1 is the distance of the cation-0 bond which was measured as lattice constant at room temperature (Eq.
(1)). Figure 3 shows the calculated potential energy curves for Ce0 .8Yb0.2O1.9 and Ce0.8La0.2O1.9. The average distance (r) of cation-0 bond and the temperature corresponding to the thermal expansion based on ro are plotted in Fig. 3 . The thermal expansion, (r-r0)/r0, becomes larger at higher temperature because of the asymmetric curve of potential energy, explaining the results shown in Fig. 2 . Equation (7) and Fig. 4 show the normalized relation be tween the potential energy (E/E0) and distance of cation-0 bond (r/ro) for a rare-earth-doped ceria.
The normalized potential energy curve is independent of the dopant. The effect of dopant on CTE is reflected in the cor responding temperature, indicating small influence of dopant. These corresponding temperatures in Figs. 3 and 4 were associated with the thermal expansion coefficient cal culated by Eq. (8) . The CTE (ao) based on the sample length at 0K (LO) is expressed by Eq. (8).
(8) Figure  5 shows a0 for the rare-earth-doped ceria and un doped ceria. 
